OBJECTIVES: Higher rates of mortality and morbidity have been reported in women undergoing coronary artery bypass grafting (CABG) compared with men. Different revascularization techniques (on-pump and off-pump) might influence this outcome.
Complete arterial revascularization using bilateral internal mammary artery in T-graft technique for multivessel coronary artery disease in on-or off-pump approach: does gender lose its historical impact on clinical outcome? 
INTRODUCTION
Since the beginning of coronary artery bypass grafting (CABG), numerous studies have shown that women have an adverse effect on CABG with respect to mortality, morbidity and overall complications [1, 2] . Continuative investigations found genderassociated risk profiles to be responsible, and subsequent risk adjustment was partially able to correct for gender-associated outcomes [3, 4] . Off-pump CABG [not requiring cardiopulmonary bypass (CPB)] is associated with less myocardial injury, less bleeding complications requiring transfusion and shorter length of hospital stay [5] . Hence, the current guidelines [European Society of Cardiology (ESC)/European Association for CardioThoracic Surgery (EACTS) Guideline] on myocardial revascularization recommend deciding in favour of off-pump CABG for subgroups of high-risk patients (Class IIA, Level B) [6] . To date, the most commonly accepted coronary artery revascularization technique employs the use of the left internal mammary artery (IMA) in combination with supplemental saphenous vein grafts. Alternatively, complete arterial CABG (CACABG) using bilateral IMA grafts has been shown to improve long-term survival [7] [8] [9] , †The first two authors contributed equally to this study.
provide superior graft patency [8, 10] and decrease the likelihood of long-term cardiac events, as well as the need for reoperation. However, increased perioperative mortality and a higher incidence of reoperation due to bleeding and other complications have been reported following bilateral IMA grafting [11] . The question regarding gender differences in outcomes after CABG remains controversial. Research to date has mainly been focused on procedure-associated comorbidities, whereas operation techniques and their impact on gender-specific outcomes have been largely disregarded. Furthermore, most of the studies that do investigate gender-specific outcomes concern large numbers of venous CABG performed under CPB. In this study, we investigated the impact of CACABG, performed either on-pump or offpump, with respect to gender-specific in-hospital mortality, complications and late survival in patients with coronary artery disease (CAD) receiving routine CACABG.
MATERIALS AND METHODS
We prospectively collected data from 3445 consecutively recruited patients (all comers) undergoing CACABG with the use of bilateral skeletonized IMA in T-graft technique at the Albertinen Cardiovascular Center Hamburg between January 2000 and December 2012. This study was performed in accordance with the local ethics committee in Hamburg. Retrospective statistical analysis was performed in our institute and included data from 2216 on-pump and 1229 off-pump procedures. During the study period, the rate of CACABG increased approximately from 10% to 90%. Table 1 presents the distribution of various risk factors in the study population, according to gender and the procedure performed. Comorbidities such as insulindependent diabetes, chronic obstructive pulmonary disease (COPD) and obesity (body mass index) were generally not viewed as contraindications for the CACABG approach. Decision to use CACABG was based on the discretion of 6 different surgeons and the presence of any concomitant diseases of the patients, at least in the early study period. Delirium was defined as an acute decline in cognitive function and attention, with evidence from the history suggesting physiological derangement, a medication or multifactorial causation [12] .
Surgical technique
Median sternotomy and preparation of exclusively bilateral IMA, harvested in a skeletonized technique with low cautery, haemoclips and preserving the venous mammary supply was performed in all operations. No additional vein grafts were used. Left anterior descending /diagonal branches were bypassed with the left IMA, whereas the obtuse marginal branches, circumflex artery and vessels of the right coronary artery were revascularized with the right IMA, implanted into the left IMA as a T-graft [13] . T-grafts were prepared before the distal anastomoses were established or, when under CPB, prior to extracorporeal circulation. 'Aortic no-touch technique' was performed in all off-pump cases using a reusable stabilizing arm (ESTECH) together with a selfmade platform (Geister) and air-cushioned silicon loops (Genenzyme) for local stabilization and temporary occlusion of the coronary vessel. In case of ST-elevation or arrhythmia, intracoronary shunts (Medtronic) were used. The Octopus stabilizer (Medtronic) was alternatively used together with intracoronary shunts. Optimal position of the heart was achieved by deep pericardial traction sutures and table tilting. Haemodynamic impairment could be reduced by opening of the right pleural cavity. 
Data collection and clinical follow-up
Early postoperative data were collected prospectively. A retrospective late follow-up (13 years) was conducted with a questionnaire, which was sent to all patients in 
Statistical analysis
Data were expressed as mean ± standard deviation or median and interquartile range for continuous variables and as frequencies (percentages) for categorical variables. Tests of normality were conducted using the Shapiro-Wilk test. The Student's t-tests and the Mann-Whitney U test were used for normally and nonnormally distributed data, respectively. Rates and univariate differences were compared with the Pearson's v 2 test and the Fisher's exact test depending on the sample size. Multivariable Cox proportional models were conducted to determine the independent effect of gender after adjusting for left ventricular function, active smoking, calcified aorta, COPD, diabetes and age. The missing values were excluded from the analysis. The P-values of < 0.05 were considered statistically significant. Statistical analyses were performed using IBM SPSS Statistics software version 23.0 (IBM, Armonk, NY, USA). Table 1 presents differences in the gender-specific prevalence of preoperative risk factors in the on-pump and the off-pump groups. Women were 4 years older than men when undergoing CACABG in the on-pump (P < 0.001) and the off-pump group (P < 0.001). Body mass index was higher in men (onpump: P < 0.001; off-pump: P = 0.02). In the off-pump group, women suffered significantly more frequently from COPD (P = 0.005). More men were smokers (on-pump group: P < 0.001; off-pump group: P < 0.001). In the on-pump group, men had a lower LVEF of < _ 50% (P < 0.001) and showed a higher rate of 3-vessel disease compared with women in the same group (P < 0.001). Table 2 presents gender-specific differences concerning most reasonable perioperative variables. Among patients who were treated with CACABG under CPB, men received more bypass grafts compared with women (on-pump group: P < 0.001; offpump group: P = 0.002), with an overall longer cross-clamp time (P < 0.001). In addition, operative time was longer in men (onpump group: P = 0.001; off-pump group: P < 0.001). More women received at least a single blood transfusion during the perioperative period (on-pump: P < 0.001; off-pump group: P < 0.001).
RESULTS

Baseline characteristics
Perioperative variables
Study end-points at 30 days Table 3 presents study end-points at 30 days. Overall inhospital mortality was low in the on-pump and the off-pump groups for women and men, respectively (on-pump: 1.5 vs 0.9%, off-pump: 0 vs 0.3%). Women had a lower risk for postoperative delirium when CACABG was performed under CPB (7.2 vs 9.8%; P = 0.13). Late follow-up Table 4 presents study end-points for late follow-up up to 13 years. Men in the on-pump cohort revealed a higher graft patency rate in postoperative angiography (83.7% vs 91.4%; P = 0.006). The rates of percutaneous coronary intervention and reoperation in the grafted area were very low in all the groups. In the adjusted analyses using the Cox proportional model, survival did not differ between gender in either study cohort (Table 5 ). However, patient age, LVEF and COPD were found to have a significant impact on late survival (P < 0.05). Omnibus test of model coefficients: log likelihood for on-pump cohort X 2 (7) = 1044.507, P < 0.001 and for off-pump cohort X 2 (7) = 388.019, P < 0.001.
CI: confidence interval; COPD: chronic obstructive pulmonary disease; OR: odds ratio. 
DISCUSSION
In this study, we analysed the impact of gender on in-hospital mortality and most reasonable postoperative complications in 3445 consecutive patients (all comers) including elective, urgent and emergent cases who underwent isolated CACABG using skeletonized bilateral IMA in T-graft technique, either on-pump or off-pump, as a routine coronary revascularization approach. Men were approximately 4 years younger than women (P < 0.001) and had a more extensive history of smoking (P < 0.001) in the onpump and the off-pump groups.
Furthermore, men in the on-pump group showed a higher body mass index (P < 0.001), a higher rate of coronary artery 3-vessel disease (P < 0.001), a lower LVEF (P < 0.001) and a higher rate of renal insufficiency (P = 0.04) before undergoing surgery. This is in accordance with the results of other studies investigating gender-specific differences in isolated CABG [3, 4, 15] . In this study, women received fewer bypass grafts compared with men in the on-pump (P < 0.001) and the off-pump groups (P = 0.002), resulting in an overall longer cross-clamp time for men (P < 0.001). Numerous studies investigating CABG using either IMA or venous grafts have shown that IMA is significantly less often used in women than in men [1, 4, 16] . Several possible reasons have been proposed, including generally smaller vessels and a greater frequency of emergency operations complicating complete arterial revascularization in women. In contrast, other studies were able to demonstrate that women are no more likely than men to have small and/or challenging original coronary vessels or IMA [16, 17] . In this study, CABG was performed exclusively using bilateral IMA grafts in T-configuration in all patients. Comparability to other studies is therefore limited, and conclusions regarding gender-specific differences in using IMA rather than venous grafts cannot be drawn from the present data. Considering the fact that, in the present patient sample, the male group presented with a lower LVEF and a higher extent of coronary artery disease, one could assume that atherosclerotic lesions might be more prominent and/or compromising in men. This would in turn necessitate a more complex revascularization strategy involving a slightly but significantly higher number of grafts in men, a fact that might be supported by a longer CPB, cross-clamp and operative times in men compared with women (P = 0.001, P < 0.001 and P = 0.001, respectively). However, gender-specific differences in the duration of mechanical ventilation and postoperative length of intensive care unit stay were not observed in the on-pump and the off-pump groups.
With respect to the on-pump patients in this study, women had a slightly higher risk of death within 30 days following operation (1.5 vs 0.9%, P = 0.29) (Table 3) . Women had a lower risk for postoperative delirium when CACABG was performed under CPB (7.2 vs 9.8%, P = 0.13). However this result was not statistically significant. Because of small number of events, requirements for conducting valid multivariable logistic regression models were non-existent. Gender had no influence on late survival in either group (Table 5) . Among patients undergoing follow-up coronary angiography, men exhibited a higher rate of FitzGibbon A graft patency in the on-pump group (83.7 vs 91.4%, P = 0.006). From the early days of CABG, numerous studies have claimed that women undergoing surgical coronary revascularization have greater rates of morbidity and mortality compared with men due to gender-specific risk profiles [1, 15] . Conversely, others have shown that statistical adjustment for gender-specific risk factors could eliminate differences in in-hospital mortality and complications between men and women [3] . Yet further investigations revealed a higher operative mortality for women even in the case of risk factor adjustment [1, 18] . Such contradictory studies may misleadingly support the idea that women are susceptible to higher rates of in-hospital mortality and morbidity when undergoing CABG, which in turn influence recommendations for treatment.
According to published data from the World Health Organization, ischaemic cardiovascular diseases are the leading cause of deaths worldwide, being responsible for 32% of all deaths in women and 27% of all deaths in men in 2004 [19] . Several investigations have shown that women with coronary heart disease more often display atypical symptoms of angina pectoris, and ST-elevations appear less often in electrocardiography compared with men [20] . There is also evidence that pharmaceutical preventive measures for CAD, such as aspirin, angiotensin-converting enzyme inhibitors and statins, are less effective in women [21] . Furthermore, a concerning number of physicians is not aware that women are at a higher risk of dying from CAD compared with men (a fact resulting in lower rates of cardiac catheterization in women) and that the prevalence of this disease, particularly in younger women, is continuously rising [22] . This may lead to a delay of optimal or appropriate treatment and therefore result in an ever larger fraction of people requiring emergency procedures with higher rates of complication and rates for mortality. It follows, therefore, that early identification of patients with CAD, followed by optimal treatment, may help in reducing the overall mortality associated with this disease.
In this study, the overall in-hospital mortality was low in women and men. No gender disparity concerning late survival after CACABG with or without CPB was observed. One explanation might be the fact that complete arterial bypass grafting was the exclusive choice of treatment in all patients, based on the results of many studies that have shown that the use of at least 1 IMA has an advantageous effect on in-hospital mortality [23, 24] . Additionally, and as previously mentioned, most of the studies focusing on gender-associated mortality following CABG included large numbers of CABG using mainly venous grafts, with women in particular receiving fewer IMA grafts during CABG.
In this study, men displayed a higher rate of delirium after on-pump CABG (7.2 vs 9.8%, P = 0.13) compared with women, whereas in the off-pump group, no gender-specific difference was observed. Loponen et al. [25] found overall disadvantageous effect of male gender on developing delirium after CABG; however, this was also not statistically significant. Others have found a positive correlation between the degree of overall atherosclerosis (carotid arteries, ascending aorta and coronary vessels) and an associated delirious state after CABG, which might further be explained by a higher degree of atherosclerosis within the cerebrovascular system increasing risk for cerebral embolization during intraoperative manipulation [26] . In this study, no gender-specific differences were observed with respect to the incidence of a calcified ascending aorta, peripheral artery disease or previous stroke. However, men revealed a greater extent of coronary artery disease in the on-pump group (P < 0.001), a fact that might support the observations of Rudolph et al. [26] . Also, in this study, men required longer operative time (on-pump: P = 0.001, off-pump: P < 0.001), CPB time (P = 0.001) and cross-clamp time (P < 0.001) compared with women. In a previous study, utilization of CPB was found to be significantly associated with a postoperative delirious state for both genders undergoing CABG [27] . This may partly be due to hypotensive periods, non-pulsatile blood flow and higher risk for cerebral embolization under CBP. The beneficial effect of female gender on CACABG with CPB in this study may presumably be due to lower CPB and cross-clamp times compared to men. As a result, CACABG without CPB may, especially in men, lower the prevalence of postoperative delirium, because time under anaesthesia as a risk factor has been found to be rather controversial [28] .
It is well known that postoperative delirium can prolong the overall hospital stay and is associated with increased long-term risks of death and stroke. Estimations suggest that an optimal perioperative management can reduce the prevalence of postoperative delirium in up to 40% of cases [29] . The American College of Surgeons and the American Geriatrics Society have recently published a practice guideline for the 'Optimal Perioperative Management of Geriatric Patients', including modern measures for preventing and treating postoperative delirium [30] . We suggest that further studies be conducted to clarify whether men may benefit from preferential treatment with off-pump CACABG using the described approach, especially in cases of advanced CAD resulting in prolonged CPB time. Subsequently, additional preventive measures may then be implemented into the guidelines to improve clinical practice and to prevent this unfavourable complication.
Limitations
This study is not randomized but rather descriptive. However, it provides consecutive data on men and women treated with complete arterial revascularization using bilateral mammary artery in T-graft technique either on-pump or off-pump as a routine coronary revascularization approach. Because this study reflects real-world data on complete arterial revascularization, no prestudy power analysis could be conducted. Because of small number of events, basic assumptions were violated, and we subsequently refrained from conducting multivariable logistic regression.
CONCLUSION
We conclude that CACABG using skeletonized bilateral IMA in T-graft technique is feasible on a routine basis and is associated with overall low rates of mortality and morbidity. No genderassociated differences were observed with respect to 30 days mortality and morbidity as well as late survival. Perioperatively higher rates of allogenic blood transfusions were required in women in either on-pump and off-pump approaches compared with men. During late follow-up, coronary angiography in symptomatic patients revealed a higher rate of FitzGibbon A graft patency for men in the on-pump group compared to women.
